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1 2,1 2'-[2,2'-Oxybis(ethane-2,1 -diyl)bis- 

(oxy)]bis[(/? p )-4-bromo[2.2]paracyclo- 

phane] 



Orthorhombic, Pl x 2 x 2 x 
a = 8.850 (4) A 
b = 12.019 (5) A 
c = 28.242 (12) A 
V = 3004 (2) A 3 

Data collection 

Bruker APEXII CCD 
dif fractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
T mi „ = 0.718, r m „ = 0.772 



Mo Ka radiation 
ii = 2.73 mm -1 
T = 273 K 

0.13 x 0.12 x 0.10 mm 



12887 measured reflections 
4331 independent reflections 
3692 reflections with / > 1a(I) 
R iM = 0.030 
e m „ = 23.3° 
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Key indicators: single-crystal X-ray study; T = 273 K; mean ct(C-C) = 0.005 A; 
R factor = 0.030; wR factor = 0.068; data-to-parameter ratio = 11.7. 



The title compound, C3 6 H 36 Br 2 03, was synthesized from (R p )- 
4-bromo-12-hydroxy[2.2]paracyclophane and oxydiethane- 
2,1-diyl bis(4-methylbenzenesulfonate). The crystal packing 
exhibits a short O- ■ Br interaction [Br- ■ O = 3.185 (3) A] and 
a weak intermolecular C— H- • -O contact. 



Related literature 

The title compound is an important intermediate in the 
application of paracyclophanes, especially used as ligands in 
asymmetric catalysis. For the structure of [2.2]paracyclophane, 
see: Singer & Cram (1963); Gibson & Knight (2003); Rivera et 
al. (2011). For bis(diphenylphosphino)-[2.2]paracyclophane, 
see: Pye et al. (1997). For the application of salen ligands based 
on [2.2]paracyclophane as asymmetic ligands, see: Dahmen & 
Brase (2002); Brase & Hofener (2005); Lauterwasser et al. 
(2006). For the synthesis of (i? p )-4-bromo-12-hydroxy[2.2]- 
paracyclophane, see: Jiang & Zhao (2004). 




Experimental 

Crystal data 
C36H 36 Br 2 0 3 



Refinement 

R[F 2 > 2a(F 2 )] = 0.030 

wR(F 2 ) = 0.068 

S = 1.02 

4331 reflections 

370 parameters 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



Ap miuI = 0.39 e A 

Aa™ = -0.35 e A~ 3 

Absolute structure: Flack (1983), 

1839 Friedel pairs 
Flack parameter: 0.008 (8) 



D-H- -a 


D-H 


H- ■ A 


D-A 


D-H-A 


ci7— miA- ■ oi 


0.97 


2.71 


3.412 (5) 


130 


Symmetry code: (i) x - 


-l.y.z. 









Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FY2003). 
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12,12'-[2,2'-Oxybis(ethane-2,l-diyl)bis(oxy)]bis[(^ p )-4-bromo[2.2]paracyclophane] 



B. Hong, Y. Ma, W. Duan, F. He and L. Zhao 



Comment 



The chemistry of [2.2]paracyclophane gathered great attention since the middle of last century (Singer & Cram, 1963). 
When the position on the aryl group of paracyclophane was substitued, [2.2]paracyclophane presented planar chirality due 
to its conformationally rigid structure. After 4,12-bis(diphenylphosphino)-[2.2]paracyclophane was synthesized and applied 
in aymmetric hydrogenation (Pye et ah, 1997), the application of salen ligands based on [2.2]paracyclophane in asymmetic 
addition reations on aldehydes was exploited (Dahmen & Brase, 2002; Brase & Hofener, 2005; Lauterwasser et ah, 2006). 

In the title compound (Fig. 1), the C — Br bond lengths are 1.903 (4) A and 1.905 (3) A, respectively, which are in 
agreement with the C — Br bond length of 1.9080 (16) A reported by Rivera et ah (2011) for a 4-bromophenol derivative. 
The C(15)— 0(1) bond [1.385 (4) A] and the C(22)— 0(3) bond [1.374 (4) A] are longer than the similar C(ph)— O bond 
[1.353 (2) A] of Rivera et ah (2011), which is due to the weaker p — ji conjugation in our [2.2]paracyclophane backbone. 
The intermolecular C — H - 0 and O-Br contacts link the molecules into a polymeric tape structure (Fig. 2). 



(7? p )-4-bromo-12-hydroxy[2.2]paracyclophane (0.152 g, 0.50 mmol), which was prepared according to the published pro- 
cedure (Jiang et ah, 2004), was dissolved in 5.0 ml DMF in a flask. Then oxydiethane-2,l-diyl bis(4-methylbenzenesulfon- 
ate) (0.108 g, 0.26 mmol) and K2CO3 (0.208 g, 1.50 mmol) were added. The flask was incubated at 353 K in oil bath for 
8 h. After reaction, the reaction solution was filtered, then 20 ml water was added and the product was extracted with 10 
ml CH2CI2 (three times) and the organic phase was washed with 5 ml water (also three times). The CH2CI2 was vacuum 
distilled and the crude product was subjected to column chromatography on silica gel. The yield of pure product was 0. 1 06 g 
(68%) as a white solid. The colourless crystals suitable for an X-ray diffraction experiment were obtained by slow diffusion 
of «-hexane into a solution of the product in CH2CI2. 



All the H atoms were located in difference maps; H atoms bonded to C atoms were then treated as riding atoms in geomet- 
rically idealized positions, with C — H distances of 0.93 (aromatic) and 0.97 (aliphatic) A and with Uj S0 (H) = 1.2 U eq (C). 



Experimental 



Refinement 



Figures 




Fig. 1 . The molecular structure of (I) showing the atom numbering scheme and 50% probab- 
ilty displacement ellipsoids. H atoms are omitted for clarity. 
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Fig. 2. The superomolecular structure of (I), showing the intermolecular O - Br interaction 
and the weak C-H-0 interaction. 



1 2,1 2'-[2,2'-Oxybis(ethane-2,1 -diyl)bis(oxy)]bis[(/? p )- 4-bromo[2.2]paracyclophane] 



Crystal data 

C 3 6H36Br 2 03 
M,-= 676.47 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 8.850 (4) A 
b= 12.019 (5) A 
c = 28.242 (12) A 

K=3004 (2) A 3 
Z=4 



F(000) = 1384 

D x = 1.496 MgrrT 3 

Mo ATa radiation, X = 0.71073 A 

Cell parameters from 4449 reflections 

9= 1.8-23.3° 

li = 2.73 mm 1 
7=273 K 
Block, colourless 
0.13x0.12x0.10 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
T mm = 0.718, J max = 0.772 
12887 measured reflections 



4331 independent reflections 

3692 reflections with / > 2a(7) 
R int = 0.030 

Qmax = 23.3°, 6 m i n = 1.8° 

h = -9^7 

£ = -13^13 
/ = -29-^31 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )} = 0.030 

wR(F 2 ) = 0.068 

S= 1.02 
4331 reflections 
370 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[o 2 (F 2 ) + (0.0252P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/a) max < 0.001 
Ap max = 0.39eA- 3 
Apmin = -0.35 e A~ 3 

Absolute structure: Flack (1983), 1839 Friedel pairs 
Flack parameter: 0.008 (8) 



sup-2 



supplementary materials 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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C3— C2 
C3— C8 
C2— H2 
C31— C30 
C31— H31 



1.388 (5) 
1.492 (5) 
0.9300 
1.383 (5) 
0.9300 
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pic pi/1 pn 
CI J — C14 — C13 


m i 
121.1 


/ 1 \ 

(3) 


p| f pi /| TT 1 /I 

CI J — C14 — H14 


1 1 n a 

ny.4 




PI 1 PI/1 UI /I 

C13 — C14 — H14 


1 1 n a 

i iy.4 




p 1 /l PIC P 1 

C 1 4 — C 1 j — <J 1 


1 T1 1 

123.1 


(3) 


p i /i pic p 1 n 
C14 — CI J — C1U 


1 in o 
120.6 


/ 1 \ 

(3) 


Ol— C15— CIO 


115.6 


(3) 


C4— C3— C2 


116.9 


(3) 


C4— C3— C8 


121.9 


(4) 


C2— C3— C8 


119.7 


(4) 


CI— C2— C3 


120.0 


(3) 


CI— C2— H2 


120.0 





p 1 z PTC PI/I 

CZo — CZj — CZ4 


1 in i (A \ 
120.3 (4) 


pi/: pic 1 1 ■> c 

CZo — CZj — hlZj 


nnn 

iiy. y 


pi /i pic i nc 
CZ4 — CZj — rlZ j 


1 1 n n 

ny.9 


ph poi pi yi 
CZZ — CZ3 — CZ4 


lino l a\ 
119.6 (4) 


pn pn nn 
CZZ — CZ3 — hlZ3 


i Tn 1 
120.1 


pi /i pn i m 
CZ4 — CZ3 — hlZ3 


1 Tn 1 
120.1 


pi p /i pc 

C3 — C4 — Cj 


1 in n { a \ 
120.9 (4) 


PI p /l TT/1 

C3 — C4 — hl4 


i in i 
119.0 


/ • C P/1 TT/1 

CD — C4 — hl4 


1 in t 
1 19.6 


pi 1 PI/1 PIC 

C33 — C34 — C3j 


111 f 

113.5 (3) 


PT1 PI/1 I I "J | * 

C33 — C34 — hl34A 


1 no n 
106.9 


p ■> c pi/i i n i a 
C3j — C34 — hl34A 


1 no n 
106.9 


pi i pi/i ill 1 1) 
C33 — C34 — hl34r> 


1 no n 
106.9 


p ■> C PI/1 11") 1 1) 

C3J — C34 — hl34B 


1 no n 
106.9 


TJI A A PI /I TJI /ID 

hl34A — C34 — hl34r> 


1 n"7 "7 
10/./ 


Pin pn p o 
C1U — Cv — Co 


in; /"3\ 

112.5 (3) 


p 1 a pn xin a 

c i u — cy — hiy a 


i nn i 
109.1 


p O pfi I 1(\ \ 

Co — cy — hiyA 


1 nn 1 
109.1 


Pin pn i mo 

c i u — cy — hiy b 


1 nn 1 
109.1 


p o pn i inn 

Co — cy — hiyB 


1 nn 1 
109.1 


i in a pn i inn 

hiyA — cy — hiyB 


1 n"7 o 
10/. 6 


pn pi q pin 

cz / — czo — czy 


113.2 (3) 


pn poo i i~)o a 
CZ / — CZo — rlZoA 


1 no o 


Pin pio ino a 
CZy — CZo — hlZoA 


1 no n 
106.9 


pn pio 1 1 1 o i ) 
CZ / — CZo — hlZoB 


1 no n 
106.9 


pm PI O TJTOTl 

CZy — CZo — hlZoB 


1 no n 
106.9 


T_nOA pi O TJTOTJ 

hlZ o A — CZ o — hlZ or> 


1 n"7 "7 
10 /. / 


{ • A p 1 -t p| / 

Co — C 1 / — C 1 o 


113.0 (3) 


r^c p 1 1 T_ri*7A 
Co — CI / — hll /A 


1 no o 
106.6 


pi/ pn TT |TA 

Clo — CI / — rll I A 


1 no o 
106.6 


{ ' f W H 1 1 1 "70 

Co — CI / — rll IB 


1 no o 
106.6 


p i /c pn 1 1 1 "7 id 
Clo — CI / — HI IB 


1 no o 
106.6 


T_T1*7A pn I I 1 "7D 

HI I A — CI / — HI IB 


1 n"7 "7 
10/. / 


r^<~) A PIC PI A 

CZ4 — C 3 d — C 3 4 


111 /; li \ 
111.6 (i) 


pi y| PIC TTQ c A 

CZ4 — C3j — 113 j A 


1 nn i 
109.3 


pi /i pic m c a 
C34 — C3J — H3jA 


1 nn i 
109.3 


PI /l PIC 1 I D CI!) 

CZ4 — C3J — 113 jB 


1 nn i 
109.3 


pi /i pic i n cd 
C34 — C3J — 113 jB 


1 nn i 
109.3 


III c A / • D C I I D CTD 

113 j A — C3 j — 113 j£> 


1 no n 
106.0 


t ' ~s pp pn 
C3 — Co — Cy 


1 1 1 n 
H3.2 (3) 


pi pp TTQ A 

Cj — Co — Ho A 


1 no n 
106.9 


p/-» PO TTt> A 

Cy — Co — HoA 


108.9 


/ • 1 PO I IOD 

C3 — Co — Hod 


1 no n 
106.9 


Pn PO TTOTD 

C9 — C8 — H8B 


108.9 


H8A — C8 — H8B 


107.7 


C12— Cll— CIO 


121.6 (4) 


C12— Cll— Hll 


119.2 


CIO— Cll— Hll 


119.2 


C30— C29— C28 


111.5 (3) 
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f~*1 /""I LIl 

C3 — C2 — Hi 


1 1A a 

12U.U 


C30- 


-C29- 


-H29A 


1 aa i 


C32 — C3 1 — C3U 


12U.4 (4) 


C28- 


-C29- 


-H29A 


iuy.3 


C32 — C31 — H31 


lino 

iiy.a 


C30— C29- 


-H29B 


1 aa i 

iuy.3 


C30 — C31 — Hil 


lino 

iiy.s 


C28— 


-C29- 


-H29B 


iuy.3 


pTf PT] 

C25 — C24 — C23 


1 1 1.1 (4) 


H29A 


— C29 


— H29B 


1 ao a 
1U8.U 


/~i^>c r^T/i nc 
C2 5 — C24 — Co D 


122. / (4) 


C13- 


-C16— C17 


inn 

113.U (i) 


C23 — C24 — C35 


1 1 O /I i A \ 

116.4 (4) 


C13- 


-CI 6— H16A 


1 AA A 

loy.o 


C31— C30— C37 


116.9(4) 


C17- 


-CI 6— H16A 


109.0 


C31— C30— C29 


121.2 (4) 


C13- 


-C16- 


-H16B 


109.0 


C37— C30— C29 


120.3 (4) 


C17- 


-C16- 


-H16B 


109.0 


Cll— CIO— C15 


116.1 (3) 


H16A 


— CI 6— H16B 


107.8 


Cll— CIO— C9 


121.0 (3) 











Hydrogen-bond geometry (A, °) 
D—H-A 
C17— H17A-02' 
Symmetry codes: (i) x-l,y, z. 



D — H 
0.97 



2.71 



D-A 
3.412 (5) 



D — K—A 
130 
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